1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hepatology. Author manuscript; available in PMC 2020 November 01.

-, HHS Public Access
«

Published in final edited form as:
Hepatology. 2019 November ; 70(5): 1690-1703. doi:10.1002/hep.30690.

Fecal Microbial Transplant Capsules are Safe in Hepatic
Encephalopathy: A Phase 1, Randomized, Placebo-Controlled
Trial

Jasmohan S Bajaj, MD1, Nita H Salzman, MD, PhD?, Chathur Acharya, MD1, Richard K
Sterling, MD1, Melanie B White, RN, Edith A Gavis, RN, Andrew Fagan, BS!, Michael
Hayward?, Mary L. Holtz, PhD?2, Scott Matherly, MD!, Hannah Lee, MD?, Majdi Osman, MD3,
Mohammad S Siddiqui, MD3, Michael Fuchs, MD2, Puneet Puri, MD2, Masoumeh Sikaroodi,
PhD#, Patrick M Gillevet, PhD*

1.Gastroenterology, Hepatology and Nutrition, Virginia Commonwealth University and McGuire VA
Medical Center, Richmond, Virginia

2pediatrics and Microbiology and Immunology, Medical College of Wisconsin, Milwaukee,
Wisconsin

3-OpenBiome, Somerville, Massachusetts

4Microbiome Analysis Center, George Mason University, Manassas, Virginia

Abstract

Hepatic encephalopathy (HE) can cause major morbidity despite standard of care (SOC; rifaximin/
lactulose). Fecal microbial transplant (FMT) enemas post-antibiotics are safe but the effect of
FMT without antibiotics using the capsular route requires investigation.

Aim: To determine the safety, tolerability and impact on mucosal/stool microbiota and brain
function in HE after capsular FMT in a randomized, single-blind, placebo-controlled clinical trial
in Virginia.

Methods: Cirrhotic patients with recurrent HE with MELD<17 on SOC were randomized 1:1
into receiving 15 FMT capsules vs placebo from a single donor enriched in Lachnospiraceae and
Ruminococcaceae. Endoscopies with duodenal and sigmoid biopsies, stool analysis, cognition,
serum lipopolysaccharide-binding protein (LBP) and duodenal anti-microbial peptide(AMP)
expression at baseline. Clinical follow-up with SOC maintenance was performed till 5 months.
FMT-assigned patients underwent repeat endoscopies 4-weeks post-enroliment.

Results: 20 subjects on lactulose/rifaximin were randomized 1:1. MELD score was similar at
baseline (9.6 vs 10.2) & study end (10.2 vs 10.5). 6 patients in the placebo group required
hospitalizations compared to one in FMT, which was deemed unrelated to FMT. Infection/HE
episodes were similar between groups. Baseline microbial diversity was similar in all tissues
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between groups. Post-FMT, duodenal mucosal diversity(p=0.01) increased with higher
Ruminococcaceae, Bifidobacteriaceae and lower Streptococcaceae and Veillonellaceae. Reduction
in Veillonellaceae were seen post-FMT in sigmoid(p=0.04) and stool(p=0.05). Duodenal E-
cadherin (p=0.03) and Defensin A5 (p=0.03) increased while IL-6(p=0.02) and serum
LBP(p=0.009) reduced post-FMT. Encephal App performance improved post-FMT only(p=0.02).

Conclusi

on: In this phase 1 study, oral FMT capsules are safe and well-tolerated in patient with

cirrhosis and recurrent HE. FMT was associated with improved duodenal mucosal diversity,
dysbiosis and AMP expression, reduced LBP and improved Encephal App performance. Further

studies are

needed to prove efficacy.

Trial registration: www.clinicaltrials.gov number
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Methods:

Participants:

Hepatic encephalopathy (HE) is a major source of morbidity and healthcare expenditure in
cirrhosis(1). HE is associated with alterations in gut-liver-brain axis with intestinal barrier
dysfunction and gut microbial dysbiosis, and current therapies are mostly directed towards
alleviating these impairments(2, 3). However, despite current standard of care (SOC) therapy
i.e. lactulose and rifaximin in the USA, there remains a subset of patients who continue to
suffer recurrence, which leads to further cognitive impairment, sarcopenia and
readmissions(4-6). In addition, these patients are often not given priority for liver transplant,
leading to a vicious cycle of readmissions and deterioration(7, 8). A prior study of
antibiotics followed by fecal microbial transplant (FMT) enema was associated with
improved short-term and long-term outcomes and enhanced brain function in patients with
recurrent HE randomized to that arm compared to those on SOC(9). However, this approach
was complicated because of pre-FMT antibiotics and lack of a placebo control. Also,
patients randomized to FMT enema would have preferred a capsule for future studies.
Capsular FMT, which is a viable treatment for C.difficile, needs to be evaluated in patients
with recurrent HE(10).

Our aim was to determine the safety and tolerability of oral capsular FMT in patients with
recurrent HE compared to placebo in a multi-center, placebo-controlled, randomized trial.
Secondary endpoints were related to microbiota and intestinal barrier changes and cognitive
function changes

Cirrhotic outpatients with recurrent HE defined by at least 2 episodes, within the last year,
on lactulose and rifaximin, were recruited after obtaining informed consent from the
Virginia Commonwealth University Medical Center and the McGuire VA Medical Center
Hepatology clinics. We excluded those who were unable to consent, MELD>17, with
current absorbable antibiotics, those with autoimmune diseases, and those with history of
dysphagia or contra-indications to endoscopic procedures. Complete eligibility criteria are in
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supplementary table 2. Randomization was performed according to a random number
generator at the level of the Investigational Pharmacy and concealed by keeping this with the
pharmacy. Subjects and outcome assessors (persons performing the cognitive tests, those
analyzing the microbiota, expression of intestinal expression and serum tests) were blinded
to the allocation.

Study interventions:

FMT was prepared from one stool sample from one healthy donor stool sourced from a
universal stool bank (OpenBiome, Cambridge, MA, USA). At OpenBiome, all potential
stool donors underwent a rigorous 240-item donor health questionnaire and a laboratory
assessment including comprehensive stool-based and serological assays for pathogenic
organisms (Supplement). Placebos appear identical to the FMT capsules. The donor for this
FMT was the same donor with high Lachnospiraceae and Ruminococcaceae relative
abundance who was selected for our prior enema study and all FMT recipients received
capsules derived from a single stool sample from this donor (Supplement)(9).

Study Procedures:

QOutcomes:

After consent, all subjects were followed for 5 months (Figure 1A, protocol in supplement).
In summary, after enrollment and documenting eligibility, a placebo safety capsule was
given to every potential subject to ensure that they could swallow this as part of the
continued eligibility. Patients were then randomized 1:1 to FMT capsules or placebo and
were administered two cognitive tests, psychometric hepatic encephalopathy score (PHES)
and Encephal App Stroop (Supplement)(1, 11, 12). Dietary recalls were performed at each
visit. At visit 2 subjects brought in stool samples and underwent upper endoscopy and
flexible sigmoidoscopy with biopsies of the duodenum and sigmoid colon for analysis of
microbiota. Duodenal inflammatory expression and expression of antimicrobial peptides
(AMP) were also analyzed (Supplement). Serum lipopolysaccharide binding protein (LBP)
were analyzed at baseline and visit 4 post-FMT or placebo. Subjects were then administered
15 capsules of placebo or FMT as per randomization. Symptom diaries were given to all
patients to record adverse events (Supplementary table 3). During the subsequent visit,
stools were collected and subjects were inquired about potential adverse events (AE) and
serious adverse events (SAES). At visit 4 subjects underwent cognitive testing, review of
symptoms and diet and evaluation of AE/SAEs. After these were performed, only those who
had been assigned to FMT underwent repeat upper and lower endoscopy and biopsies.
Importantly, all patients came prepared for endoscopies since they were blinded and were
only told regarding the need for endoscopy after they had finished the cognitive tests and
symptom/AE assessment.

The primary outcomes were safety and tolerability of FMT compared to placebo related to
serious adverse events (SAEs consisting of hospitalizations and ER visits), especially those
deemed to be related to the FMT by the Data Safety Monitoring Board (DSMB). Secondary
outcomes were AEs not resulting in hospitalization/ER visits, especially those related to
FMT, changes in mucosal and stool microbiota, changes in cognitive testing on PHES and
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Encephal App, serum LBP, and changes in duodenal mucosal expression of inflammatory
cytokines, barrier proteins and AMPs.

Duodenal mucosal analysis was compared between baseline FMT and placebo and pre and
post-FMT. We performed RT-quantitative PCR for the quantification of mMRNA expression of
constitutive and inducible Paneth cell anti-microbial peptides (AMPs), including DefAb,
DefA®, for IL-6 and for junctional protein E-cadherin encoded by CDH1 gene(13) and
ELISA for LBP(Supplement). Cognitive testing analysis was performed with OffTime
+OnTime for Encephal App and PHES total score at baseline and repeated as outcomes.

This protocol was approved by the IRBs at both centers. The trial was registered at
wwuw.clinicaltrials.gov number and performed under FDA Investigational New Drug
guidance as a Phase 1 trial. Sample size was based on our prior study where 80% of SOC
group and 2 of the FMT group developed SAEs(9). Using a power of 0.80 and alpha of 0.05,
we would require 10 patients in each group for a similar study

Microbiota analysis (Supplement):

Microbial DNA was isolated from stool and biopsy samples as previously described and 16s
rRNA analysis with V1-V2 region primers were performed(14). Alpha diversity (Shannon
diversity index), individual taxa analysis (Linear discriminant analysis effect size LEFSe)
(15), principal component analysis (PCA) and Kruskal-Wallis tests for specific taxa
(Lachnospiraceae, Ruminococcaceae, Veillonellaceae and Streptococcaceae) that were either
high in the donor, or are associated with negative outcomes or worse severity in cirrhosis
were performed(9, 14, 16).

Statistical analysis:

Results:

Baseline analyses were compared using Mann Whitney and unpaired t-tests as appropriate
while pre/post intervention analyses were performed using Wilcoxon signed rank matched
pairs tests respectively. Non-parametric analyses (Mann-Whitney and Fisher exact) tests
were used to evaluate outcomes between groups. In case a data point was not available, we
used the last point carry forward.

We included 20 patients with recurrent HE who were statistically similar with respect to
baseline characteristics (table 1). Subjects were enrolled from VCU and McGuire VA
Medical Center from June 2017 to May 2018. Laboratory values, including MELD score
and liver-related enzymes remained stable between groups at the safety-visit and the 30-day
visit (Table 2).

Clinical course:

All subjects tolerated the procedures, including EGD and sigmoidoscopy as well as safety
capsule and capsule ingestion without any issues (Figure 1B). Total SAEs and number of
patients with SAEs tended to be higher in the placebo compared to FMT group (Figure 2C,
Table 3). Most SAEs were hospitalizations and ER visits related to liver disease progression.
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Six placebo patients experienced SAES; one patient had 6 events (5 HE episodes described
below, 1 renal insufficiency without HE), the remaining 5 of these had one SAE (two with
infection, two with HE, one with electrolyte abnormalities). Four placebo-assigned patients
did not have SAEs. One FMT-assigned patient had one episode of HE as the SAE; the
remaining nine did not have SAEs during the follow-up period. One placebo-assigned
patient required ER visits/hospitalization for altered electrolytes, which resolved within 24
hours. One placebo-assigned patient (with the 6 admissions) was transferred to hospice and
died four months post-enrollment. None of the FMT-assigned patients died during the
follow-up period.

HE episodes were similar between groups on follow-up. Three placebo patients developed
HE; one patient had a single HE episode within 30 days due to an unknown precipitant, who
recovered within two days. Another patient also had a single episode that required dose
adjustment. Another placebo-randomized patient experienced five HE episodes precipitated
by acute kidney injury in two episodes, pneumonia in one episode, anasarca in another and
lactulose non-adherence in the remaining episode. This patient was also admitted another
time without HE with renal insufficiency. One FMT patient was admitted within 30 days for
HE, which was considered related to transjugular intra-hepatic porto-systemic shunt(TIPS)
placed 1.5 months prior. This resolved after TIPS was reduced in size and was considered
unrelated to FMT by the DSMB. This patient did not undergo repeat EGD and flexible
sigmoidoscopy because he was admitted during that time for TIPS closure; therefore, values
from baseline were extended forward.

Infections were seen in three placebo and two FMT-assigned patients. The three placebo
patients who got infections were as follows, one developed pneumonia as a precipitating
factor for HE (mentioned above), another patient developed calf cellulitis that required
hospitalization and one patient who had diarrhea and fever that lasted for 2 days. One patient
had an incidentally diagnosed urinary tract infection with K.pneumoniae two months post-
FMT that responded to outpatient antibiotics, the second patient, undergoing routine alpha-1
anti-trypsin infusions was found to have a pneumonia which was also treated as an
outpatient. Both these episodes were considered unrelated to FMT and due to their
outpatient management, not considered SAEs by the DSMB.

There were also self-limited gastrointestinal adverse events that did not require treatments
and were similar across groups (Table 3). None of the patients developed symptoms related
to dysphagia, belching, palatability concerns, bloating, reflux or aspiration.

Microbiota changes:

No changes in baseline Shannon diversity indices were seen between groups (Figure 2A).
Stool collected at day 30 did not show any differences in diversity again between groups.
Since endoscopies were only repeated in the FMT group, we studied changes in diversity
pre/post FMT and found an increase in duodenal mucosal diversity but no changes in stool
or sigmoid mucosal diversity at day 30 post-FMT compared to pre-FMT (Figure 2B).

There were changes between pre vs post FMT duodenal, sigmoid and stool microbial taxa.
In the duodenum, there was separate clustering, higher Ruminococcaceae and
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Bifidobacteriaceae and lower Veillonellaceae post-FMT compared to pre-FMT (Figure 2D-
E). This was also seen in the Krukal-Wallis comparison, where there was also a lower
Streptococcaceae post-FMT. Since stool was collected both pre and post-intervention in both
placebo and FMT groups (Figures 3A-E), we found higher Lachospiraceae and
Rikenellaceae in FMT group at day 30 compared to placebo, which was accompanied by
relatively separate clustering on PCA. This was likely related to a reduction in
Lachnospiraceae in placebo over time as seen in Kruskal-Wallis comparisons, which was
accompanied by a reduction in Veillonellaceae post-FMT. On LEFSE there was higher
Sutterellaceae baseline compared to post-FMT values. In the sigmoid on LEFSe, higher
Verrucomicrobiaceae and lower Firmicutes were seen (Figure 3F-H). \eillonellaceae were
again reduced but no changes in relative abundance of Streptococcaceae, Lachnospiraceae
and Ruminococcaceae nor separate clustering on PCA were seen.

Brain function:

Baseline performances on Encephal App and PHES were similar between groups (Table 4).
After FMT, there was a significant improvement in OffTime+OnTime due to improvement
in OnTime on Encephal App in the FMT group compared to baseline. Despite a trend
towards improvement on NCT-A and Digit symbol compared to baseline in the FMT group,
there was no significant improvement on PHES in the FMT group. No significant changes
were seen in placebo group regarding Encephal App or PHES.

Duodenal AMP, barrier proteins and inflammatory cytokines (Figure 4):

There were no significant differences at baseline between groups with respect to AMP
expression such as DefA5 (3618975 + 2326814 placebo vs 2477000 + 1863218 FMT),
DefA6 (1981985 + 1527905 placebo vs 1806600 + 1570451 FMT), Reg3a (563121

+ 338844 placebo vs 517450 + 440001 FMT) or Reg3g (12773 £ 9726 placebo vs 13201

+ 15720 FMT). Similarly, median IQR expression of inflammatory cytokines IL-6 (92.2

+ 73.6 placebo vs 100.3 + 391.7 FMT) and junctional protein E-cadherin CDH expression
(37150 + 28625 placebo vs 35600 + 96175 FMT) were not significantly different. Since
only the FMT group underwent repeat endoscopies, comparisons showed a significant
increase in DefA5 and CDH expression and reduced IL-6 expression post-FMT compared to
baseline. A non-significant trend towards increased expression of DefA6 was observed.

LBP levels:
there were no significant differences at baseline between groups (p=0.98) but LBP levels
significantly reduced post-FMT compared to baseline but not post-placebo (Figure 4D/E)
Discussion:

The current placebo-controlled, randomized Phase 1 trial demonstrates that the oral route of
FMT was safe, well tolerated and was associated with a favorable change in serum LBP,
duodenal mucosal microbial and barrier expression. There was an improvement in
Encephal App performance in the FMT-assigned patients.
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Cirrhosis and recurrent HE pose a considerable medical, psychosocial and societal burden
that is currently underserved with available therapies(1). There is a risk of persistent
cognitive injury that may be irreversible even after liver transplant as well as readmission,
falls and burden on caregivers if this vicious cycle is not interrupted(17, 18). There is an
alteration of the gut-liver-brain axis in cirrhosis and recurrent HE(19, 20). In animal models
and humans with cirrhosis, there is evidence of small bowel inflammatory expression and
impaired barrier function, which is complicated by dysbiosis of the intestinal mucosa and
stool(20-24). These are complicit in worsening the systemic inflammatory milieu that drives
cirrhosis progression, neuro-inflammation and worsening of HE symptoms(25). While
current approved therapies such as lactulose and rifaximin favorably affect the gut milieu,
further beneficial alterations may be needed to improve outcomes(26). Therefore, we
continued rifaximin in these patients despite the potential for it affecting the FMT. A prior
open-label randomized clinical FMT enema trial which included pre-FMT antibiotics,
demonstrated a reduction in hospitalization and improvement in brain function(9) in the
short and long-term(27). However, since antibiotics were administered before FMT and it
was an open-label study, further exploration was needed. Also from a patient experience
perspective, given a choice between capsules and repeat enemas to patients who were
randomized to FMT, all 10 patients chose a potential capsule in future studies. The current
trial was placebo-controlled, randomized and single-blinded and did not involve pre-
intervention antibiotic therapy.

This was a Phase 1 study focused on safety and tolerability of FMT compared to placebo
and no FMT-related SAE was observed. SAEs observed were related to the advancing of the
disease process in both groups. While not powered for efficacy, there was a trend towards
lower hospitalizations but not HE in patients randomized to FMT. This pattern is interesting
and likely points towards the role of small bowel intestinal barrier dysfunction that can result
in translocation and worsening of the overall liver disease(28). However, larger studies
powered to detect a beneficial impact on the likelihood of hospitalization over time with
alleviation of dysbiosis and enhancing barrier function are needed.

Stool microbiota, which were studied in both groups at all time points, demonstrated a
relatively lower Lachnospiraceae in the placebo group compared to FMT at study end,
which likely reflects the donor characteristics. This was accompanied by lower LBP levels,
Within the FMT group there was a decrease in Veillonellaceae and the Proteobacteria
constituent, Sutterellaceae relative abundance in the stool after FMT. When mucosal
composition, which was only analyzed pre/post FMT was studied, the duodenal microbiota
showed an increase in Ruminococcaceae and Bifidobacteriaceae, reduction in
Streptococaceae and Veillonellaceae and an increase in Shannon diversity compared to their
baseline. This was associated with favorable changes in anti-microbial protein expression
and intestinal inflammation. These changes are relevant since the FMT capsules are
engineered to open in the proximal small bowel and this is the likely site of maximal
engraftment. Given that the donor was enriched in Lachnospiraceae and Ruminococcaceae,
this relative increase in Ruminococcaceae suggests engraftment of the donor microbiota. In
addition to the duodenum, Veillonellaceae was also reduced in the sigmoid after FMT,
although the diversity remained similar. Streptococaceae and Veillonellaceae, are usually
oral in origin and are found in higher relative abundance in intestinal mucosa and stool of
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cirrhotic patients, where they are associated with an overall poor prognosis(22, 29-31). Their
relative abundance is exacerbated by PPI therapy, which is epidemic in cirrhosis and indeed
was seen in all our participants(29, 30). Veillonella spp have been shown to enhance
pathogenicity of gram-negative bacilli and are usually reduced with rifaximin therapy and by
PPI withdrawal(26, 32, 33). Streptococcaceae express urease that can potentially generate
ammonia and have been associated with HE(32, 34). On the other hand, Lachnospiraceae,
Ruminococcaceae and Bifidobacteriaceae are over-expressed in healthy controls and taxa
belonging to Lachnospiraceae and Ruminococcaceae are associated with short-chain fatty
acid and bile acid metabolism(35, 36). These findings in the duodenum, sigmoid and stool
all point towards a relative reduction in oral-origin taxa associated with cirrhosis progression
and increase in taxa associated with benefit. These changes are even more striking given that
the patients in the FMT and placebo group both continued their lactulose, rifaximin and PPI
therapy. There was also a simultaneous reduction in the duodenal IL-6 expression and
increase in expression of key AMP and intestinal barrier proteins, which was likely mediated
by the favorable change in microbial composition(37). These data indicate that the intestinal
barrier is favorably modulated from a microbial, inflammatory and antimicrobial peptide
aspect after capsular FMT.

There was also an improvement in the cognitive aspect based on Encephal App but not on
overall PHES with a trend towards improvement in number connection-A and digit symbol
test. This is intriguing because these testing strategies interrogate psychomotor speed,
indicating a potential impact of the FMT on the gut-brain axis(1, 11, 12). Both these tests
had improved in the enema FMT trial in a similar cirrhosis population using feces from the
same donor as used in this trial(9). Therefore, it is unclear why the other components did not
improve but it is likely that studies with a larger sample size comparing the upper versus the
lower Gl route of delivery are needed. We can speculate that the greater quantity of bacteria
in the colon, which could be affected directly by the lower Gl route and antibiotics
compared to upper Gl route, could be driving this change.

The study is limited by the small sample size and focus on Phase 1 safety rather than being
powered to detect efficacy. While we collected stool during every visit, we did not perform
repeat upper and lower endoscopies on the placebo-randomized patients due to the
unacceptable invasive risk of repeating these in patients not receiving the active FMT.
Therefore, it could be possible that beneficial changes in sigmoid and duodenal microbiota
could be a variation within subjects. However, changes in stool microbial composition
between and within groups that were collected simultaneously reflect beneficial microbial
change, which was associated with decrease in LBP in the FMT group only. Also, the
potential beneficial impact of oral capsules that was greater in the duodenum compared to
sigmoid lend biological plausibility towards this being an effect of the FMT. Patients in the
placebo arm remained blinded as to the need for repeat endoscopies until after all the
symptom questionnaires and cognitive testing had been performed, to minimize subjective
changes in these results. The endpoints were objective, and assessors were blinded and
therefore unlikely to be affected by the knowledge of subject assignment. All patients were
on PPI therapy, as is typical for this stage of cirrhosis. We also only included patients on
rifaximin already because these patients had continued HE despite being on maximal FDA-
approved therapy. We chose to give all capsules at the same time rather than one daily
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capsule for 15 days given the similar dosing pattern for C.difficile in such cases. Further
studies are needed to analyze the effect of FMT in patients not on rifaximin or PPI and
multiple FMT administrations.

We conclude in this placebo-controlled randomized clinical trial that oral capsular FMT
from a rationally derived donor was safe in patients with cirrhosis and recurrent HE. This
was associated with favorable changes in mucosal and stool microbial composition and
enhancement of the intestinal barrier. Further studies with larger sample sizes over a longer
period are needed to establish efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

FMT fecal microbiota transplant

HE hepatic encephalopathy

DSMB data safety monitoring board

SAE serious adverse events

AE adverse events

SOC standard of care

EGD esophagogastroduodenoscopy

PCA principal component analysis

AMP anti-microbial peptides

LBP lipopolysaccharide binding protein

PHES Psychometric hepatic encephalopathy score
LEFSe Linear discriminant analysis effect size

ER emergency room

TIPS transjugular intra-hepatic porto-systemic shunt
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Figure 1A Cirrhosis + Recurrent HE
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Duodenal Microbial Changes

mEm FMI1-PRE EB FMT-POST
| ! 1 | |
Aquifiéae.Aquifiéae.Aquiﬁhales.Aquificaceae

o
o
o

Bacteroi nir :Pnn‘ [..Ibacteriale: '(‘ui.'
H Aquuﬂcae
Aqulﬁcae Aqulflcae Aqunﬂcales
Aqu:ﬂcae Aqulflcae

Crenarchaeota. Thermopmtel Thermoproteales Thermoﬂlaceae

candidatedivisionWPS_1.WPS_1_inceftaesedis

candi ivisil 1. WPS _1[.. "= di WPS 1 mcenaesems
Firmicutes. Clostnma Clostndla!es Ruminocpccaceae

c tedivisionWPS_2 WPS_2_incet
: candidatedivisionWpPs_2

candi 2WP52["': dis.WPS_2_incer

candidatedivisionWPS 2. WPS 2 [. ]taesedls WPS 2 mcertaesedls

teria.Gamm ',. icteria. Candldatustarsonella
. candldatedlvlslonWPS 1
Pr oteoba [..]spnella.CandidatusC

candidatedivisionWPS_1. WPS 1L ]taEsEdls WPS 1_incertaesedis
: : Crenarchaeota

Crenarchaevta Thermoprote’l Thermoproteales
Actinobacteria.Actinobacterig.Bifidobacteriales

Actinobacteria Actlnohacterl | A lcterlales Blfldobactenaceae
Crenarchaecta Thermoprotel

Flrmlcutes Negatwurn Ite:

Flrmlcutes Negatlwcutes Selenomonadales

Firmicutes.Negatiyicutes
| | |

| | | | |
-5 -4 -3 -2 -1 1 2 3
LDA SCORE (log 10)

o -

4

Figure 2C

Figure 2:

Duodenal Microbial Changes

0.7

0.6

p=0.02

@ 0.5
g
c
L]
2 044
F
E-l
S 03
2
3 0.2 p=0.03
[

0.14 p=0.003

00{ —

P;'e Post re t
i Strep i
=
Figure 2D

PCO case scores (Bray Curtis)

PreFMT: red

PostFMT: green N i
wl A
A A o A
B
f i . —x— : : A |
3 <04 A’“a a 04 ol o A 02 “: o4 05
A T aat
A 0t
ot
osk
ras 1
Figure 2E

2A: Median and 95% CI of Shannon microbial diversity in stool, sigmoid and duodenal
microbiota at baseline between groups did not show any baseline significant differences.
FMT group is in orange while placebo-assigned group is in the green. P values compared

using Mann Whitney tests are displayed.

2B: Median and 95% CI of Shannon microbial diversity within the FMT group before and 4
weeks after FMT in the stool, sigmoid and duodenal microbiota. There was a significant
increase only in the duodenal but not sigmoid or stool diversity on Wilcoxon signed rank
pairs test. Orange bars are pre and green are post-FMT values.

2C: LEFSe results pre (red bars) and post (green bars) FMT in duodenal microbiota

2D: Median and 95% CI of selected taxa pre (orange) and post (green) FMT in duodenal
microbiota. P values based on Wilcoxon signed rank pairs test, which showed a higher
Ruminococcaceae and lower Veillonellaceae and Streptococcaceae in the post-FMT mucosa

compared to pre-FMT.

2E: PCA shows pre-FMT duodenal microbiota (red) clustered apart from the post-FMT

microbiota (green)
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Figure 3:
3A: LEFSe in pre vs post FMT (red bars) in stool microbiota within the FMT group

3B: PCA shows relative clustering of pre-FMT (red) compared to the post-FMT stool
microbiota (green)

3C: Median and 95% CI of selected taxa pre (orange) and post (green) FMT in stool
microbiota. FPre: FMT group pre-FMT, F1: first post-FMT visit in FMT group, F2: end of
study visit FMT group, PPre: Placebo group baseline, P1: first post-placebo visit, P2: end of
study visit placebo group. P values based on Kruskal-Wallis tests showed reduction in
Lachnospiraceae over time in placebo group and reduction of Veillonellaceae over time in
the FMT group.

3D: LEFSe of end study visit in placebo vs FMT group at end of study visit showed a
relatively higher abundance of Lachnospiraceae in the FMT compared to placebo group on
the stool.

3E: PCA shows relative clustering of post-FMT away from post-placebo in stool microbiota
3F: LEFSe results pre (red bars) and post (green bars) FMT in sigmoid mucosal microbiota
3G: Median and 95% ClI of selected taxa pre (orange) and post (green) FMT in sigmoid
mucosal microbiota showed a lower Veillonellaceae post-FMT compared to baseline. P
values based on Wilcoxon signed rank pairs test.

3H: PCA shows little separation between pre (red) and post-FMT (green) sigmoid
microbiota
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Figure 4:
Data presented as median and 95% CI. P values based on Wilcoxon signed rank pairs test.

4A: mRNA expression of duodenal IL-6 pre and post-FMT showed a significant reduction.
4B: mRNA expression of duodenal defensin A-5 and A-6 pre and post-FMT showed a
significant increase in A-5 but not A-6 expression

4C: mRNA expression of duodenal e-cadherin protein (CDH) pre and post-FMT showed a
significant increase in CDH.

4D: Serum LBP showed significant reduction post-FMT compared to baseline

4E: Serum LBP showed no significant change post-placebo compared to baseline
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Table 1:
Baseline Comparison between groups
FMT Placebo P value
Age 63.3+4.2 64.2+6.2 0.71
Gender (M/F) 8/2 8/2 1.0
Race (Caucasian/African-American/Hispanic) 7/3/0 7/3/0 1.0
Etiology of cirrhosis (HCV/Alcohol/HCV+Alcohol/NASH/Others) | 2/1/3/2/2 3/1/2/2/11 0.78
PP1 use 10 10 1.0
Lactulose 10 10 1.0
Rifaximin 10 10 1.0
Number of prior HE episodes (median, range) 2 (2-6) 2 (2-5) 0.9
Time of last HE episode before enrollment (months) 3.3#5.7 4.1+4.0 0.72
MELD score 9.5+2.6 10.9+4.2 0.39
AST 48.4x13.8 40.9+20.8 0.36
ALT 39.0+16.4 21.9+15.5 0.33
Alkaline Phosphatase 144.8466.7 | 126.9+40.7 | 0.48
INR 1.27+0.17 1.30+0.16 0.69
Bilirubin 1.26+0.80 1.46+0.80 0.53
Serum albumin 3.3x0.5 3.320.6 0.67
WBC (10%/ml) 4.65+1.43 | 5.4%2.0 0.37
Hemoglobin (g/dl) 13.5+1.9 12,9426 0.21
Platelet count(103/ml) 113.0+48.5 | 140.4£70.5 | 0.33
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Table 2:

Changes in laboratory parameters over time between groups

Safety visit P value 30-day visit P value
Placebo FMT Placebo FMT
MELD score 11.7+3.9 10.2+4.5 0.44 11.3+3.9 8.7£2.9 0.11
AST 41.0+21.4 49.4+11.1 0.29 43.4+26.0 50.2+16.3 0.50
ALT 30.9+12.4 39.0£13.2 0.18 35.1+14.6 40.4+13.6 0.42
Alkaline Phosphatase 133.7+#57.3 | 145.8+67.0 0.67 132.2+57.6 | 132.9+59.7 0.98
INR 1.32+0.22 1.29+0.16 0.73 1.31+0.23 1.23+0.14 0.40
Bilirubin 1.57+0.72 1.49+0.74 0.81 1.62+0.92 1.29+0.59 0.336
Serum albumin 3.17+0.57 3.33+0.48 0.51 3.32+0.67 3.52+0.49 0.46
WBC (10%/ml) 5.1+2.2 4.9+15 0.83 5.1+2.0 5.0+1.3 0.93
Hemoglobin (g/dl) 11.7+2.8 13.4+138 0.13 12.542.9 13.9+15 0.20
Platelet count(103/ml) | 146.4+85.6 | 108.4+31.8 0.22 142.9+76.5 | 116.0+53.3 0.38

Safety visit is 1-2 weeks after the initial EGD and Colonoscopy; comparisons performed using unpaired t-tests

Hepatology. Author manuscript; available in PMC 2020 November 01.
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Table 3:

Details of Adverse events and Serious adverse events

Page 22

Placebo Group FMT group
(n=10) (n=10)
Number of SAEs (median, range) 11 (1.0, 0-6) 1 (0, 0-1) i
Number of Patients with SAEs 6 1
Hepatic Encephalopathy
HE episodes (number of total episodes) 7 1
HE episodes requiring hospitalization/ER visits 7 1
HE episodes managed as an outpatient 0 0
Number of Patients with HE 3 1

Infections

Infections (number of total infections)

3 (Pneumonia, n=1, Cellulitis n=1, Fever
+diarrhea n=1; all hospitalized)

2 (Pneumonia, n=1, UTI, n=1; not
hospitalized)

Number of patients with infections 3 2
Deaths 1 0

Patients with Self-limited AEs
Constipation (number) 1 2
Diarrhea (number) 1 1
Bloating (number) 0 1
Nausea/vomiting (number) 1 0

*
p<0.05 between groups on Fisher test,

Hok

p<0.05 on Mann-Whitney test. SAE: serious adverse events (hospitalization/ER visits), AE: adverse events, none of SAEs or AEs in the FMT
group were considered related to the FMT by the Data Safety Monitoring Board.
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Table 4:

Cognitive testing changes
Mean+SD Pre-FMT Post-FMT Pre-Placebo | Post-Placebo
OffTime (seconds) 120.0+47.3 103.6+20.5 120.5+45.6 136.3+72.9
OnTime (seconds) 157.978.7 | 1041436.2% | 198.5+143.0 | 183.6£98.3
OffTime+OnTime (seconds) 277.8+123.5 | 906.7+56.1 7 | 318.9£181.0 | 308.9+169.5
PHES score total —6.8+6.3 -5.7¢5.4 -8.4+5.2 -8.9+4.7
NCT-A (seconds) 89.5+83.5 60.70+30.85 | 69.4+22.1 72.4+43.9
NCT-B (seconds) 192.3+144.9 | 173.7£124.6 | 179.8+98.1 193.5+£123.5
Digit Symbol (raw score) 39.6+20.4 43.4+15.4 35.3+16.5 33.8+15.1
Serial dotting (seconds) 88.8+48.4 82.3+30.6 118.2451.1 105.7454.2
Line tracing time (seconds) 126.5+85.4 116.4+65.5 112.8+27.9 124.7+46.1
Line tracing errors (raw score) | 54.6+22.6 43.3+25.3 57.0£34.1 66.6+48.3

*

Page 23

pre vs post p<0.05 on Wilcoxon signed rank test. There were no significant differences in cognitive tests between groups at the pre-FMT testing
time period. Higher score on digit symbol test indicates better performance while a high score or time taken in the remaining tests indicates poor

performance.
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